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I QUARTERLY PROGRESS REPORT." PROJECT 48

A. Chemistry of the Rare Earths and Actinide Elements

I. Periman, B. B, Cunningham and Co-workers

Lanthanum Chloride-Water Equilibria

A, Broido and B. B. Cunningham

The equilibrium-constant ‘for the reaction:
LaClg + Hp0 —> LaOCL + ZHC1

has been measured at 500 * 10°C in an apparatus consisting of a one centimeter
diameter pyrex tube in which sanples‘of'L&205 has been treated with N_-Hp0-HCl
mixtures of various chosen compositions. The temperature of the sampfe has been
maintained at the desired value by means of an eleetrically heated tube furnace
previously calibrated with an interior thermocouple to indicate the temperature
inside the tube corresponding to an indicated furnace temperature.

The composition of the gas phase entering the tube has been fixed at various
values by bubbling pure nitrogen gas through aqueous solutions of HC1l of carefully
established composition. The HCl partial pressure in the exit gas has been
measured by absorption in HoC and titration with standard NaCH solution.

Identification of the products obtained has been carried out by x-ray diffrac-
tion methods. The diffraction patterns were obtained and interpreted by members of
the x-ray diffraction group working under Dr, D. H. Templeton.

The experimental arrangement is sue¢h that seamples for x-ray diffraction
investigation can be obtained without opening the tube.,

The value of Kggpoc obtained by measurements in this experimental arrangement
is 1.0 £ 0.2. There remains an additional (probably small) uncertainty because of
thermal diffusion effects which may result in an appreciable separation of Hs0, HCl1
and Ng molecules as the gas mixture enters the heated section of the tubse.

Possible errors due to this effeet will be investigated by studying the effect
of flow rate on the equilibrium constant.
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Thermal Decomposition of Praseodymium Oxides

L. B. Asprey and B. B. Cunningham

The investigation of the thermal decomposition of praseodymium oxides
previously reported in UCRL 264 has been continued,

0xygen pressures have been measured in a closed system connected to a mercury
manometer. The volume of the system varies with the oxygen pressure. Increased
pressures result in a decreased oxygen content of the solid phase.

The decomposition is a highly complex phenomenon.

The effects of (a) the initial composition of the sample and (b) the initial
oxygen pressure in the system on the shape of the decomposition curve have been
investigated. Typical results are summarized below,

(1) Initial composition Pr0; gzs (Prg0y7); initial Op pressure' <0.1 mm Os.

(a) Temperature region 275-385° C; composition range Pr613855 - Pr0; 826
p = 1=3.5 mm Hy. The decomposition is reversible and glves a straight
log p vs I/T plot. ~

(b) Temperature region 385-427° C; composition range Pro0j goe -Pr0Oy gig
p= 3,5 ~-8.,4mmH_. The decomposition is reversible ang obeys a log
p vs I/T relationsﬁip from p = 3.5 mm to p = 8.4 mm. The slope of
the log p vs I/T plot is substantially greater than that in the
preceding lower temperature range.

{¢) Temperature region 427-5150 C; composition range Pr010816'“’Pr01,805
" p=8,4 - 13.2 mm H,, With increasing temperature the slope of the

log p vs I/T curve éecreases continuously and is nearly zero between
480° and 513° C¢. If the temperature is decreased below 513° C, the
pressure drops according to a log p vs I/T relationship. In the
region 513° — 480° ¢ the observed pressures are therefore lower than
those obtained on heating from 4800— 5130 ¢, Further cooling to
about 360° C causes the pressure to decrease in accordance with the
same slope and these pressures are higher than those obtained on
heating the sample. The intersection of the pressure curves obtained
on heating the sample on one hand and on cooling it oa the other
occurs at a temperature of about 405° C.

The behavior described above is quite reproducibls.

If the sample is cooled much below 380°, the pressure drops
~abruptly and attains the same value as that observed on heating the
sample., O

- () Temperature region 513° C - 645° C; composition range Pro; _ggs 0
Pr0j,7g2. P = 13.2-23.3 mm Hg. The decomposition is reversible in
this region. A plot of log p vs I/T yields a straight line.
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(e) Temperature region 645-755° C3 composition range Pr0y ngg— Pro0y pzge
P = 23.3-40.5 mm Hg. The decomposition is reversible. Log p vs 1/T
gives a straight line of slightly increased slope.

(f) Temperature region 755-835° C; composition Pr0y_pzg - Proj n1g-
p = 40.5 - 46 mm Hg.

Slope of log p vs I/T decreases continuously to zero.

(g} Temperature region 855-9&09 C; composition invarient at PrOy rig-.
Pressure constant

(h) Temperature region 940- ~980°C; comp031t10n range Pr0y 514 to Pr0y ggg
46 = 53,7 mm Hg, '

> . Slope of log p vs8 I/T is constant.
(2) Initial composition Pro; pg; initial Oy pressure ~10 mm. Hg.

(a) Temperature region 480°-515° ¢, Pressure invariant at 10 mm. Hg.
Composition invariant at PrOj 75

(b) Temperature region 515-611° C; composition rangé Pr0y g5 = Pr0y nop; P =
10-28.5 mm He. : v

6 Reversible. Log p.vs I/T gives a straight line.

(c)' Temperature region 627-7279 C; composition range PrOy_ngn to Pr0y n1s;
p = 28,5 - 35,0 mm He.

Not reversible. Slope of log p vs. I/T plot decreases
continuously to 0O, :

(d) Temperature region 727-933° C; composition invariant at PrOjy_ n1s;
p invariant at 35.0 mm Hg. :

(e) Temperature region 933-~910° C. p'increaseso
Addltlonal curves, representing the decomposition in the region Pr0j;_gop -
Prol 500 are being obtalned A thermodynamic analysis of the decomposition may then
be made with the p0851bility of checking the analysis against the known thermal data
for the .overall reaction:

Prg031 — 3Prgl3 + 0g.
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Heat of Solution of Praseodymium Metal and Pr0Os Calorimetry

LeRoy Eyring and B. B. Cunningham .

Praseodymium Metal.

Measurements of the heat of solution of Pr metal (made on the milligram
scale by reduction of PrFs in BeO crucibles with Ba vapor at lOOOOC) were found
to give values which varied from 170-178 Kecals/mol. Spectrographic analyses of
various metal samples showed the presence of from 3-6 percent Ba and 0.2-0.4 per-
cent Be, The observed varigtion in the molar heat of solution capn be accounted for
on the basis of a variable Be content. The values are particularly sensitive to
Be metal impurity because 'of the high heat of solution and low atomic weight of Be.

The presence of Be metal in Pr metal can be accounted for on the assumption
that there is a large value for the heat of solution of Be metal in Pr metal.

Whether or not there is a possible source of error in the heats for Am metal
for this same reason 1s not known at present.

Praseodymium Dioxide,

Praseodymium dioxide was prepared by reaction of oxygen with praseodymium
gesquioxide at a pressure of about. 100 atm. and 500° ¢ for 10 hours.

Samples of about one milligram were used in the microcalorimeter. The heats
of reaction were as follows:

In 6,002 M HNO3 at 25° C the observed heats of solution were 42.6, 43.4,
42 8 K cal/mol. The lack of precision is due to the long solutlon time of about
fifteen minutes.

In 6.002 M HNOz with enough NaBF, added to make the solution 0.1 M in Na*,
the sclution time was reduced to about three and one-half minutes. -Four runs made
in this solution yielded values of 42.0, 41.9, 41.6 and 42.8 K cal/mol.
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Digsolution of PrOp; Ce0o and AmQp for Calorimetric Measurements

H. Lohr, LeRoy Eyring and B. B. Cunningham

The adiabatie microcalorimeter in use in this laboratory is suitable only
for the measurements of heat liberated in less than about 10 minutes. TFluorite
type oxides (PrOg, AmOo, Celg, ete.) are very slowly soluble in common reagents. In
order to obtain thermal data on the heats of solution (for the purpose of estimating -
aqueous oxidation potentials) it is necessary to have a reagent which will dissolve
these substances quickly.

The following observations have been made on the rate of solution of Pr0g,
AmOs and CeOg2 in various reagents:

(1) Br0,. A sample of PrOy prepared by treatment of Prglg with 05 at ~100
atmospheres pressure at ~500° C for 10 hours was found to dissolve in 6 M HNOz in
15 minutes. '

A sample similarly prepared dissolved in 6 M HNOz - O.1 M HBF4 solution in
4 minutes,

Six molar nitric and 0.005 M HgSiFg dissolved a similar sample in about 7
minutes, :

(2) AmQ,. Samples were prepared by thermal decomposition of Axng(CeO4)4'xH20 '
in air at 760° G, followed by reduction with Ho(l/3 at) at 700° C for one hour and
reoxidation to AmOg (shown by x-ray diffraction) by heating in air at 200° C for
30 minutes,

This material dissolved in 6 M HNO3-0.005 M HgSiFg in 30 minutes and in
6 M HNOz - O.1 M HBF4 in 9 minutes.

(3) Ce0g. A sample of Ce0g prepared by the ignition of Cez(Cely )z -xH0
in 0g at 5000 C for 45 minutes was found to dissolve completely in 6 M HNOg -
0,1 M HpBF, in 17 minutes.
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Reduction of Rare Earth Fluorides with Sodium

James C, Wallmann and B. B. Cunningham

It has been observed previously that the treatment of various rare earth
trifluorides. (NdF;, GdFg, SmFy, YbFz, EuFz) with Na vapor at 1000° ¢ in vacuum
resulted in the formation of compounds of cubic (fluorite type) structure which
have been designated as RXY compounds. Possible compositions are ROF or RFs. If
these compounds are of the RFg type, it would be expected that their magnetic
properties would change substantially from that of the original R*+3 compounds,
since they would possess an additional 4f electron.

This possibility has been investigated by the non-homogenous field method
of Faraday and Curie, using a sensitive quartz torsion balance to measure the
magnetic forces.

The ratio of the specific deflections produced by SmXY and SmFz was consider-
ably greater than the ratio expected assuming the the reduction product to be SmFs.

It would appear that reduction of the sm*3 to a lower oxidation state had
occurred, In fact a small amount of the metal might account for the increase in
magnetic suseceptibility. ' )

A sample of.Ssz heated in vacuum without reducing agent showed no change
in structure or in magnetic susceptibility. ’

Similar susceptibility measurements on GdF,. and GdXY indicated an increased
suseeptibility which was substantially greater. than that expected for GdFS__,Gsz.
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Effect of Ionic Atmosphere on the Absorption Spectra of Am*** and Eu***

Betsy Jones and B. B. Cunningham

This work was done in an attempt to detect some correlation between the
effects of HC1l and HCl04 on the struecture of absorption speetra bands and the order
of elution in ion-exehange resin column separations of Eu*++ and Am***. The column
work shows a change in order of elution in 9 to 12 M HC1 from that in 1 to 9 M HC1lO,
and <6 N HCl. A possible explanation is that the 5f electrons of Am*** enter into
the formation of chloride complexes while the 4f electrons of Eut++ are too low-
lying to form bonds. Thus, complex ion formation invelving the S5f electrons should
reasonably affect the absorptlon bands which result from transitions within the 5f
shell.

ca, 0,003 M Am*** 1 MEHCIO, 9 M HCl0, <9 MHCL 12 M HC1
I - strong I 5030.0 A I 5028.2 I 5036 I 5050.9
II = weak - I 5078.3 I 5049.9 I 5062 II 5107.6

II 51037  II 5102.0 - | II 5162.5
Eutt* 4642,5 | 4643.0
(1.M in HC1O4 4647,7 | 46464

ca. 0.5 M in HCl)
: 4650.2 ’ 4650,2

N +

The three bands of Am around 5030 A and those around 4650 A for Eu''* were chosen
for comparison since they are qualitatively similar with respect to intensity and
strueture., The shift and lack of shift in wavelength for Am*** and Eu*++, respective-
ly, are consistent with predictions based on fomation of chloride complexes involv-
ing 5f electrons. :

However, an egqually probable explanation of the shift of wavelength is
possible on the basis of the effect of the electric field resulting from the ions
in the solutions. Since the 5f level does not lie as deep as the 4f, the electric
perturbation of the 5f levels would be greater. This also is con51etent with the
above data.
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Hexagonal BeFg

C. H. Dauben and D. H. Templeton

Some samples of beryllium fluoride prepared by R. F. Leininger and E. Segre
have been examined by the powder x-ray diffraction technique. The first samples
were largely amorphous, and gave only weak lines. Some, but not all of these lines
corresponded reasonably well to the pattern expected for the tetragonal structure
reported for BeFg 192, but the patterns were too poor to be interpreted unambiguously.

To improve the quality of the crystals, some of the material was annealed
for five hours at about 500° C. It then gave excellent diffraction patterns which
were indexed on a hexagonal lattice with a 4,720 % 0.002 4°, ¢ = 5.178 + 0.005 A©
(CuKal = 1.5418 A®). This is in complete agresment with the hexagonal phase reported
by Novoselova, et. al,,z as produced by cooling of melts of BeFg mixed with NaF.
The pattern is very similar to that of a-quartz, and it is very likely that these
forms of BeFy and SiOg are isomorphous. Atomic parameters have not been determined.

One of the samples was analyzed for fluorine by D. B. Stewart and E. H. Huffman.
Calculated for BeFg, 80.8 percent F. Found, 8l1.6 percent. These experiments confirm
that the hexagonal phase of Novoselova, et. al., is BeFy, and demonstrate that the
presence of sodium fluoride is not essential to its preparation.

1 E, Brandenberger, Schweiz. min. petr. Mitt. 12, 243 (1932); Strukturbericht II, 248.

2 4, V. Novoselova, M. E, Levina, Yu. P. Simanov, and A, G. Zhasmin., J. Gen., Chem.
(U.S.S.R.) 14, 385 (1944).
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Improvements in Spectrographic Analysis for Zirconium and Hafnium

Jo G. Conway and M. F. Moore

An enclosed arc-spark stand has been constructed which permits control of
the atmosphere surrounding the analytical gap. Copper and graphite electrodes
have been tried using several gases at various pressures to determine the variation
in discharge and spectra. It has been found that sparking graphite electrodes in
an oxygen atmosphere at a pressure slightly above atmospheric results in the complete
elimination of the cyanogen bands at 3600-4200 A which interfere with zirconium
detection. Under these conditions also it has been found that 200 micrograms of
zirconium may be completely sparked off the electrode an increase of about a factor
of three over what can be accomplished in air. A rough check on hafnium showed a
line when as little as 0.5 microgram was present. This analysis along with the

possibility of extending the carbon spark in oxygen to other problems is being
further investigated.



UCRL 311

-13-

B. Nuclear Properties and Transformations

Isotopes of Americium

Kennéth Street and G. T. Seaborg

We have,produced the 1.5 hr. americium activity in good yield in a bombardment
uced in a 50 mev

of Pu®39 with 17 mev deuterons. This activity was greviousl% prod .
deuteron bombardment and tentatively assigned to Am 57 or Am238, Its production with
17 mev deuterons indicates that the correct assignment is Am238,

The americium fraction from a sample of Am241 irradiated with thermal neutrons
for 15 months was milked for neptunium 19 months after shutdown., An alumipum absorp-
tion of the neptunium fraction shows the presenc¢e of three times as many soft elBetrons
as can be accounted for by the amount of Np present and is completely consistent
#&yith the presence of about an equal amount (by weight) of Np23 « The initial decay

The

of the neptunium fraction is 2.25 days and the decay is still being followed.
9 would indicate a long-lived Am243 decaying at least partially by

presence of Np25
The Am?43 would arise from second order neutron capture starting

alpha-emission.
with Am24l,
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~ Evidence for the Isotdpe Pu?35

D. A. Orth and G. T. Seaborg

Evidence for Puf3® has been found in a bombardment of U233 with a 30 mev
helium ions from the 60-inch cyclotron. Geiger activity was observed which follow-
ed PuR39 tracer through ¢hemical separation from the target material and final
purification on a resin column (with 13 N HCl elutriant).

The activity decayed with a 25-min. half-life, and rough absorption measure-
ments indicated that the observed counts were primarily L x-rays.

No corresponding alpha-activity was observed on the pulse analyzer, which
would set an approximate upper limit of 104 for the ratio of alpha-branching to
orbital electron capture.
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Light Neptunium Isotopes

L. B. Magnusson, S. G, Thompson and G. T. Seaborg §

Bvidence for the isgtopes szsz and Np255 has been obtained by a series of
irradiations of U9% and UR%® With deuterons from 15-100 Mev. Np232 and Np233 decay
by electron capture with half-lives of 14 minutes and 35 minutes, respectively. The
amount of decay of Np2°2 by alpha-emission is unknown, but very small. Np233 has an
alpha/electron-capture decay ratio of ca. 10-9 with an alpha-energy of 5.55 Mev. With
.17 mev deuterons Np252 is produced from USSS with a eross section of 10~° barn while
Np23% is formed with a cross section of 102 barn. :

Best values for the alpha energy and half-life of Np251 are 6.27 mev and 50
minutes. The alpha/eleetron capture decay ratio has been re-evaluated as greater
than 0.01.

Relative cross gections for neptunium isotopes of mass number 231-238 formed
in 45-100 mev deuteron bombardments of U253, U235, and U238 have been measured. The
meximum cross sections are small, of the order of 10-3 barn, and little dependent
on the energy of the deubteron. Furthermore, the yields of different isotopes in
the same bombardment are remarkably similar even though the mass numbers may extend
over a range of 4-5.
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Isotopes of Protactinium

W. W, Meinke, A. Ghiorso and G. T. Seaborg

Continuing the work on the alpha half-life of Pa230 (1), we have finally
checked the chemical yield of the Ac 26 removed from a Pa fraction. The yield
values coupled with the value for the eleectron capture branching of Pa230, K/B' = ~10
reported by Studier and Bruehlman (2), give an alpha half-life for Pa®30 of 1400
years ¥ ~20 percent.

Deuteron bombardment in the 60-ineh cyeclotron of uranium metal strips has
produced a Pa activity of 23.7 * .5 minute half-life, decaying by the emission of
a beta particle of about 1.4 mev energy. This isotope has tentatively been assigned
‘to Pa®3 mainly on the basis of modified Sargent curve relationships between decay
energy and half-life for various types of nuclei in the heavy region. The cross
section for producing the isotopes is roughly 10-4 - 10-5 barns - about what would
be expected for a (d,a) or (d,an) reaction.

Chemistry used in separating a Pa fraction free fng fission products and
other contaminants involved 4 MnOs precipitation cycles 3 two diisopropyl ketone
extractions, washing each extraction with four successive portions of a solution

1 N in HNO3 and 3 N in NH4NO3; and finally a TTA extraction from ~6N HNOz and a wash
of the TTA with another portion of ~6N HNOz.

1 W. W. Meinke, A. Ghiorso, and G. T. Seaborg, UCRL-264, Jan. 1949.

2 ANI-WIMM-422 (Oct. 1948).

® 1. I. Katzin and R. 4. Stoughton, ANL-4035 (Oct. 1947).
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Possible New Low Mass Isotopes of Emanation (Element 86)

A, Ghiorso, W. W. Meinke, and G. T. Seaborg .

Among the spallation products obtained from the 350 Mev proton bombardment of
Th232 we have identified two gaseous alpha-emitters which apparently do not decay
into any presently known alpha-decay chains. The half-lives observed for the decay
of the alpha-activities were 23 minutes and 2.1 hours. These half-lives may
be principally determined by an unknown amount of orbital electron capture. At
least one alpha-emitting daughter (4.4 hr. half-life) has been observed to grow from
a gaseous parent, but it has not been determined whether it arises from alpha-decay
or electron capture.

Since these gaseous atoms emit alpha-particles it is assumed that they are
iso%opes of element 86 (emanation). If they were heavy isotopes such as Em22l or
Em? 3, both unknown, they would decay into known alpha-decay series, the neptunium
and actinium series, respectively, and so would grow known short-lived alpha-emitters
which we would have detacted. It thus appears reasonable that they must be lighter
than the known emanations.

The lightest isotope of emanation observed prior to these experiments was
Em"" arising from the U228 alpha-decay seriesl and should'have a half-life of
approximately 10 microseconds as predicted by means of the new alpha decay systematics
recently observed.® From the regularities observed for Bi, Po, and At, it can bs
deduced that if these new emanation alpha-emitters are low mass isotopes they must
be assigned mass numbers less than 212, The 4.4-hr. alpha-emitting daughter might
be At207, which has this half-life, and thus could only grow from Em207,

The preliminary method used to measure the emanation alpha-activities was very
gimple but designed to separate the emanation from overwhelming levels of alpha
activity from isotopes of elements. from Bi to Pa, The cyclotron target consisted
of thin thorium metal strips sandwiched with thin aluminum foils to aect as catchers
for the transmuted atoms which were able to recoil out of the surface of the thorium.
These aluminum foils were then heated at a very low temperature-in a vacuum system.

A slow stream of argon “carried" the emanation through two cold traps at -50° C and
into a final trap at -90° C where the emanation should freeze out. From this storage
trap it was possible to fill a cylindrical ion chamber in which alpha pulses could
be detected. To prove that we were dealing with a gas it was shown that we could
quantitatively transfer the activity many times by varying the temperature of the
cold trap. After an emanation sample had been allowed to decay for some hours the
gas was thoroughly pumped out of the chamber and the alpha-activity left behind
(presumably due to the daughters) was followed for decay. It was not possible to
measure alpha energies in these first experiments and Geiger counter measurements
were clouded by the probability of Xe and Kr fission product contaminants from which
no separation had been made.

New equipment is now ready'with which it should be possible to measure alpha-
energies for these emanations and their daughters and so determine the proper mass
assignments. : ,

1 phys. Rev. 75, 314 (1949).

2 Phys. Rev. 74, 1730 (1948); ibid. 75 (to be published in April 1, 1949 issue).
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Light Isotopes of Polonium

D. G. Karraker and D. H. Templeton

Assignment of a previouly reported 4 hr. Po activity to mass 204 was accomplish-
ed by identification of its decay products. The experiments consisted of separating
the polonium fraction from a target of bismuth after irradiation with high energy protons
or deuterons, then milking it at definite intervals to observe the change in yield
of daughter activities with time. Milkings of the Po for Bi yielded two major
activities, a previously unreported 2 hr. Bi activity, and the 12 hr. Bi204, The
yields of the 2 hr. Bi prove that it is the daughter of a 50 ¥ 10 min. parent, and
the yields of 12 hr, Bi prove that it is the daughter of a 4 * 0.5 hr. parent. The
12 hr. Bi was previously assigned to mass 204 by bombardment of separated lead isotopes.

If the. 4 hr. Po is mass 204, the a-decay daughter should be the 18 hr, PbR00,
which decays by electron-capture to the 27 hr. T1200, @0 check the assignment further,
a periodic milking of Pb from Po was attempted., This experiment failed, because of
contamination of the Pb by the Bi. The experiment was revised, and the Pb and Bi
together were removed at 4 hr. intervals. After 20 hours, the Tl daughter was milked
from each of the Pb + Bi fractions. The yields of 27 hr. Tl from 3 milkings correspond-
.ed to a 4 hr. half-life for the parent of the Pb activity. This experiment, combined
with the assignment of the 27 hr. 11200 {based on its formation from helium ions on
“gold) fixes the mass number of the 4 hr, Po as 204, and also confirms the assignment

of the 12 hr. bismuth to Bi204 and its 68 minute lead daughter to a metastable state

of PbR04,

The properties and decay relationships of the two isotopes of Po are summarized
as follows:

o204 §

Ea = 5,38 ¥ .05 mev ' Branching ratio X * 10%
a

* 0.2 hrs.

ct
’_-I
~
fav)
L]
™~
i

Decay Relationships

' Po?04 (4 hr)
/lK
C

P20 B1204
18{nr X 12|hr K (4]
* r 204m
) Pb
200
T 204
(stable)Pb 68 min.
Zslhr K

ngoo {stable
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<204
Po

Ea = 5,60 £ .05 mev
t 1/2 = 50 £ 10 min.

Decay relationships

po <204 (50 min)

X

Bi

(Pb) 2lhr X

The aétivity produced by the a decay of the 50 min. Po has not been assigned a mass
number. The most reasonable assignment for the mass number is 202, based on the
absence of Pb20l or Pb203 in the decay curve, although the sensitivity for detection
is low, T N '

In the course of this work a new chemical separation method for Po was devised.
Polonium, in acid solutions, has quite similar chemical propertiss to its homologue,
Te. The work of Haisensky and co-worker indicates that in HCl1l solutions, Po exists as

a complex ion such as PoClg™".

. Experiments, using an equilibrium RaD solution as tracer, show that a mixture
of 20 percent tributyl phosphate in dibutyl ether will extract Po completely from
6N HCl solutions, leaving Bi*** and Pb** both completely behind. This procedure was
used in the experiments outlined above,
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Search for Bi%08 as a Short Lived Isotope

H. M, Neumann, T, Putnam and I. Perlman

A number of experiments have been performed in an effort to observe Bi208,
This isotope had not been observed in previous work by other workers, and as a
result the limiting values for its half-life were placed at > 200 years or <10
minutes. The experiments being reported were all aimed at observing Bi208 as a
short-lived activity.

Bombardment of Pb (in the form of the oxide) with 18 mev deuterons, followed
by chemical separation of Bi showed no activity shorter than 12-hr, Bi204, The
time of bombardment was 2 minutes and counting of the Bi fraction began 5 minutes
after the end of bombardment. This negative result placed the life of Bi208 gt
<30 seconds.

To observe a life-~-time the order of seconds the short half-life equipment at
the 60-inch eyclotron was used. Bombardment of natural isotopic Pb with deuterons
gives a complex decay curve. Best resolution gives aetivities of 0.8 seconds, 7.5
seconds, and 60 seconds. Bombardment of enriched.Pb206 (88 percent Pb206, 6 percent
PbR07, 6 percent PbR08) gives activities of 2 seconds, 12 seconds, and 65 seconds.
This would indicate that at least 4 activities are involved, and thus the resclution
of the decay curves cannot be expected to give reliable results. The yields of these
activities were such as to indicate that they are produced from Pb, and not from
some impurity or the target carriage.

Bombardment of Bi%09 with neutrons has yielded no activity attributable to
Bizo8 formed by n,2n reaction. .The only activity observed in such bombardments
has been what is presumably 7.3-seconds 16 formed by n,p reaction on 0lé present
in the polystyrene carriage on which the Bi target is mounted. Bombardment of the
carriage without Bi target gives the same activity in comparable yield. The
difficulty in obtaining reproducible bombardments makes it impossible to say that the
yields are equal, but there is no apparent increase in yield when the Bi target is
present. Since it is not possible to approximate the number of neutrons which hit the
target with energy sufficiently high for the n,2n reaction it is not possible to sa%
whether or not any of the activities observed with deuterons on lead are due to B12 8,



UCRL 311

21—

Radioactive Isotopes of the Rare Barths and Neighboring Elements

G. Wilkinson and H. G. Hicks

The study of neutron deficient radioactive isotopes of the rare earths and
other elements has been continued. Various bombardments have been made to check on
the radiation characteristics and mass allocations of isotopes previously noted. The
following new isotopes have been characterised.

177 - + . O. 15 e~ L,K X—rays Ta"'d"6n
W K,e ,” 134 - 2 mins. ~Oh o T.%'45 , Ta-p~5n
+179 =t : ' ' _ Ta-d~4n
W K 39-5% 0.5 mins. L,K x-rays Ta-p-3n

174 - q=~ 0.16 e~ La-n-2n
Lu K,e ~120 days - 7-
»8 P ¥ 0.6 e~ X~ or 7-rays Af-d-q

A lutecium isotope of half-life ~120 days has been observed in pile bombarded
luteclum. The activity has also been produced by d,a reaction of 19 mev deuterons
on hafnium. The isotope decays by both orbltal electron capture and beta-particle
emission in approximately equal ratios.

The gold isotopes An192 and Auld4 previously studied have been re-examined
using the crude beta-ray spectrograph. Both isotopes have been observed to emit
positrons. The 39.5 hour Aul94 has positrons of maximum energy 1.8 mev and is the
heaviest positron emitter yet characterized. The gold activities from both Ir + a
and Pt + p bombardments have been studied.

Two long lived rhenium activities have now been recognized. The 40 day
rhenium, Re184, has been studied also by other workers and has been definitely
allocated. Decays from Ta + a bombardments have now shown an activity of ~120 days
half~life, which, on the basis of cross sections for production at 38, 30 and 20
mev bombarding energy, has been allocated to Rel83. The radiations consist of soft
electrons of 100 kev energy only, together with L and K x-radiation and hard 7-radia-
tion. .

A shorter lived isomer of Re18 of half-life~3 days has been recognized in
the bombardment of tantalum with 20 mev alpha-particles.

The following reports have been published which summarize in greater detail
earlier phases of this work:

(1) mfY7S, A New Radioactive Isotope of Hafnium (UCRL-233).

(2) Neutron Deficient Radicactive Isotopes of the Rare Earth Elements.
Part I. Experimental Techniques and Thulium Activities (UCRL-253).

(3) Part II. Neodymium Isotopes (UCRL-276).
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Mass Spectrographic Assignment of Cslsl

D. G. Karraker, F., L. Reynolds and D. H. Templeton

Irradiation of normal barium with neutrons and deuterons has produced a 12
day barium aectivity which decays by orbital electron capture to a 10 day cesium,
which in turn captures an electron to form stable xenoni~%4., Consideration of the

known facts led to mass 131 as the most reasonable assignment for this decay chain.

We have confirmed this assignment by a mass spectrographic tecﬁnique. Bariun
nitrate which had been exposed to neutrons in the Oak Ridge pile was obtained from
the Isotopes Division of the Atomic Energy Commission,

Two or three weeks -after the neutron irradiation, carrier-free cesium was
separated from about one gram of this barium nitrate as follows. Most of the barium
was precipitated as the sulfate., Then cesium was isolated by elution from a Dowex
50 ion exchange resin column. This active cesium plus about one microgram of inactive
carrier was placed on the tungsten filament of the mass spectrograph5 as the chloride.
Heating the filament produced Cs* ions which were analyzed and caught on a photo-
graphic plate. The plate was tested for radiocactivity by the transfer technigue, In
two different experiments the original plate showed an inactive line for Cs 3 , the
single stable isotope, and an active line at mass 131. One transfer exposure of 30
days duration, on which the transfer line was very dense, provided a sensitive test
for other radioactive isotopes of cesium, but no other line was observed.

The correspondence of this line to the 10 day cesium is made certain by the
chemical purification, by the relatively great difficulty of thermal ionization of
other elements in this mass range, and by the following observations on a portion
. of the active cesium. A Geiger counter decay curve was straight over 4 half-lives
with slope corresponding to 9.8 ¥ 0.4 days. An aluminum absorption curve showed
clearly the K x-rays with little if any harder radiation, in agreement with the pre-
vious work."»*»

The 12-day barium was not identified directly because of its low specific
activity in the barium, which contains only 0.1% of the Bal30 isotope.®

This confirmation of the Balgl-—jfa Cs151 4———aXe151 chain also lends support
to Katcoff's deductions® concerning the assignment of the long lived barium to Bal33,

F. C. Yu, D. Gideon, and J. D. Kurbatov, Phys. Rev. 71, 382 (1947).

S. Katcoff, Phys. Rev., 72, 1160 (1947).

B. J. Finkle, Phys. Rev. 72, 1260 (1947).

L. Yaffe, M. Kirsch, S. Standil, and J. M. Grunlund, Phys., Rev. 75, 699 (1949).
F. L. Reynolds, D. G, Karraker, and D. H. Templeton, Phys. Rev. 75, 313 (1949).
A, 0. Nier, Phys. Rev. 54, 275 (1938).

O Ok I
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‘Yields of Mn°® and MnS6 from Spallation of Elements from Chromium to Strontium

William C. Orr

The results of experiments described in a previous report are shown in final
form in the accompanying figure, Fig. 1.

The ordinate indicates the relative cross section for formation of Mn52 and
Mno6 during bombardment with 190 mev deuterons of various elements indicated by the
abscissa. '

The vertical height of each point indicates approximately the uncertainty
attached to the determination. The points to which arrows are connected represent
upper limits only.
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Spallation Reactions of Arsenic with 190 Mev Deuterons and 350 Mev Protons

H. H. Hopkins, Jr.

The best values of the yields of the arsenic spallation products have been
chosen, These yields are tabulated and will appear in a separate report, together
with a complete description of the results. The following statements summarize the
conclusions on irradiations with 190 mev deuterons:

(1) The yields of arsenic isotopes are higher than those of selenium isotopes
because the former can originate from non-capture excitation processes.

(2) The large yields of isotopes from arsenic to zinc are due principally to
non-capture excitation processes for the elements near arsenic. Progress-
ing through zine to lower elements a larger fraction of the yield is due to
capture processes,

(3) The lowest isotopes observed around manganese and down to chlorine are
formed from capture processes in which chiefly alphas are emitted.,

(4) The yields of isobars increase smoothly towards a curve running from
arsenic one or two units above the line of stability at masses 70 through
67, then approaching the line of stability.

(8) The yields of isotopes of given Z increase smoothly towards this line of
*  most probably formation.

(6) The total yield of isobar A plotted against A is a smoothly decreasing
function. There is an unexplained hump at 54, 55, and 56.

(7) The total yield of isotopes. of given Z decreases with Z. The value for
. Z = 24 is high,

(8) If we consider the spallation reactions which could appear as nuclear
stars, the mean prong number is 1.6 less than that predicted from nuclear
star theory.

(9) There are no pronounced differences with the yield patterns of spallation
products from copper and antimony.

The following table Summarlzes the yields obtained in bombardments of arsenic
with 380 mev protons°
Rel., Yleld 380 Mev Protons

Isotope Yield rel. As72_ Rel., Yield 190 Mev Deuterons
c18 0.0008 40
Mno2 .006 20
- Mnd6 .012 4
Fegg 010
As 1.00 i (1)
As74 .6 , 0.5
Se’? .027 .3

Se”? .034 3
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The relative frequency of high energy excitations is seen to be greatly
increased with higher projectile energies.

Work is in progress to identify and characterize some of the isotopes formed
in spallation of arsenic. The decay of Se’3 was determined to occur 32 percent by
‘positron emission, 68 percent by electron capture. Absorption techniques were employed.
No gamma was observed other than annihilation radiation.

Bombardment of gallium with 30 mev_helium ions failed to produce the 52 minute
arsenic period previously assigned to As7L, Milkings for germanium isotopes also
furnished no indication of the presence of a short arsenic parent. This 52 minute
arsenic must have a mass number of 69 or less.
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C. Chemistry of Astatine and the Preparation of Certain Compounds

R. F. leininger and E. Segre

Astatine.

Very little has been done on astatine chemistry during the last three month
period. The studies on the effect of oxidizing reducing couples on the partition
ratio of astatine between a standard aqueous and an organic phase have been continued.
To date no positive evidence has been found indiecating the existence of a true
equilibrium. The results from experiments with the system At, Fe*t*, Fett in 0.5M
Hy 50,5 CCl, indicate that a particular system may be in a steady state but that the
results are not reproducmble from day to day.

A single attempt was made to use the V'**/vo** system, however the results
were completely inconclusive,

Preparation of Thin Polonium Samples.

Many methods are described in the literaturel for the deposition of polonium
from solutions containing lead and bismuth (RaD and RaE). The method to be described
has yielded very thin samples on platinum which were suitable for a critical determina-
tion of the energies of Po isotopes.

The polonium in 0.5 M HCl solution is placed in a special electro-deposition
ceXl constructed as shown in the drawing, Fig. 1. The glass cell (A) is held under
pressure by rubber bands (B) attached to a smooth stainless steel plate (C) and
clamps a platinum foil (E) with a 1/32 inch rubber gasket (D) between the glass and
stainless steel to make a tight seal. An agar salt bridge (F) forms a liquid junction
between the solution in the cell and the calomel cell (G). The external circuit is
completed from the calomel cell to the platinum foil electrode and the solution stirred
vigorously during the deposition. Preliminary experiments indicate that the deposition
is approximately 25-30 percent complete in 10 minutes and essentially complete in
1 1/2-2 hours., Depositions from solutions containing RaD and RaE were inactive <0.l
percent except for the normal Po2l0 g, If the electrical circuit is left open very
slight Po deposition takes place in two hours.

Preparation of Radio Chemicelly Pure Be”.

The following method has been used to prepare radio chemically pure Be? with
normal beryllium as a carrier,

Be’ was prepared by Li + * thlck target yield 2,35 pc/uA hr ( radlum equivalent),
or Li + H2+, thick target yield 5. 50 pc/pA hr ( radlum equivalent) using the full
energies of the 60-inch cyclotron,

The lithium was dissolved in dilute hydrochloric acid containing 20 mg of
beryllium carrier. The solution was filtered to remove carbon and other extraneous
- materials from the bombardment., The filtrate was heated to 90° C and precipitated by
excess ammonium hydroxide. The precipitate was centrifuged and worked once to remove
the large amount of lithium chloride present.
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(A) The precipitate was dissolved in the least amount possible of dilute
hydrochloric acid and 5 mg each of the following carrier added. €4, Cu, Co, Ni and
Zr., The sélution was heated to 90° C and the beryllium precipitated by excess
ammonium hydroxide. The precipitate was centrifuged and worked once.

Since some iron was present from the target it was removed as follows:

(B) The beryllium hydroxide precipitate was dissolved in a slight excess of
sodium hydroxide and the ferric hydroxide left in solution, centrifuged and worked
once, The supernatant and wash were combined, heated to 90° C and two grams of solid
ammonium chloride added to precipitate the beryllium as the hydrox1de. The -precipitate
was centrifuged and washed once.

Step (A) was repeated three times followed by step (B).

The last by-product solution @ step (A) was separated repeatedly from beryllium
and counted. No B particles were detected with a thin mica window counter,

To remove all inorganic impurities the last beryllium hydroxide precipitate
was dissolved in glacial acetic acid and fumed to dryness three times.

The beryllium basic acetate thus formed was dissolved in chloroform and ex-
tracted twice with distilled water. The chloroform was evaporated under a heat lamp
and the basic acetate converted to the nitrate by heating with nitriec acid.

Preparation of BeFgy

A method of preparation for BeFs was reported previously. We have since had
occasion to doubt the purityof that preparation. Samples of the preparation were
therefore submitted to D. Templeton for x-ray diffraction analysis and the pictures
resulting were very poor due to the amorphous character of the beryllium fluoride.

For this reason a special preparation was made in the following manner:
Beryllium hydroxide was dried in a platinum boat at 100-120° ¢ overnight. The boat
was then heated in a stream of anhydrous hydrofluoric acid vapor at 200- -220° ¢ for
3 hours followed by anealling at 5000 ¢ for -5 hours in the HF stream. The Fesulting
crystalllne preparatlon gave the pattern of a single pure phase of a hexagonal structure.

Details of the x~-ray measurements and proof of the structure and formula are
being reported by D. Templeton in anobther section of this report.

1 see M,'Haissinsky, "Le Polonium", Hermann & Co. Paris, 1937.
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D. Bio-Organic Chemistry Group

B. M. Tolbert

Synthetic and Experimental Chemistry

M. Calvin, B. Tolbert, J. Reid, P, Adams, J. Bassham, F. Christenson, A. Fry
D. Hughes, B. Neivelt, R. Ostwald, R. Selff and W. Tarpey

Distribution of C1% Labeled Compounds.

Satisfactory progress has been made in most of the preparations of ¢14 1abeled
compounds to be distributed by the Isotopes Division of the Atomie Energy Commission.
The following compounds with their corresponding yields have been prepared and sent
to Oak Ridge.

Table I
Compound * Percent Yield on Basis
of Radiocarbon
Sodium propionate-l-cl4 95
Sodium propionate-2-cl4 ' 50
Sodium propionate-S-Cl " 45
Sodium butyrate-1-¢-14 95
Sodium valerate-l-c-l4= 95
Sodium caproate-l-C-14 ' 95
Sodium heptanoat-e-l-cl4 95
Calcium glyeolate-1-C1* 70
Calcium glycolate-2-cl4 42.5
Glycine-1-cl4 50
Aanine-1-c14 70
Alanine-2-cl% 27.5
Benzoid acid, carboxyl-cl4 90

In addition, 60 mec of BaCOz was converted to 39 me of methyl-labeled sodium
acetate for Oak Ridge National Laboratory for use in their synthetic program.

Much of the time of the synthetic group has been spent on the preparations of
these labeled compounds, '

High Pressure Hydrogenation of Carbon Dioxide.

High pressure hydrogenation was used in making methanol in all cases where
it was used in the above procedures, We had hoped originally to use lithium aluminum
hydride but were unable to completely eliminate small amounts of inactive ethyl
alcohol found in the methanol when this reagnet was used for the reduction of carbon



UCRL 311

-29-

dioxide, It is suspected that the ethyl alcohol may be coming from a splitting action
of the lithium aluminum hydride on the solvent, diethyl carbitol. This phenomenon
has been observed at the University of California with other solvent by this same
reagnet, This ethyl alcohol is not only interfering with the preparation of methanol
but also of propyl alcohol and propyl halides, and many other compounds where it is
difficult to separate the material being prepared and the ethyl aleochol formed in-
advertently in the synthesis. The yields.on the hydrogenation of caron dioxide have
been very good, generally from 82 percent to over 90 percent and the methyl iodide
formed has been of consistently high purity.

4,5-Diiodol®Lfluorescein.

The preparation of 4,5-diiodol5lfluorescein has been studied by both Moore's
method (ICl) and by the use of iodine in ammonia solution (hypoiodite).

4,5-d1iodo*r1vorescein

By the ammonium hypoiodite method, radiodiiodolSlfluorescein has been prepared with

- a satisfactory melting point and chemical analysis, A yield of 72 percent based on
fluorescein and 13 percent based on the activity was obtained. Anal., Caled: C, 41.12;
H, 1.73; I, 43,45, Found: €, 41,00; H, 1.86; I, 43.12.

The unused 1131 can be recovered by distillation of the hydrogen iodide-water
azeotropic boiling mixture under an atmosphere of nitrogen.

The ICl1 method of preparing 4,5-diiod0131fluorescein described by Boyach,
Moore and Claesson (Nucleonics, 2, Oct. 1948, p. 62) has been repeated. The yield of
the cerude product is 100 percent based on fluorescein and 83-100 percent based on the
radioactive I1%! used. However, the product would not crystallize satisfactorily from
dilute acetone, dilute ethyl alecohol and other solvent combinations.” Acid-base
precipitation did not improve the chemical analysis of the product appreciably. A
typical analysis report is as follows: Caled: .C, 41,12; H, 1l.73; I, 43.45. Found:
C, 39.86; H, 1.72; I, 36.44 (1.55 percent residue).

The less pure sample of higher specific activity is being used for localiza-
tion of brain tumors.
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Diiodo™“*-L-tyrosine.

DiiodolSlnéftyrosine has been prepared by the hypoiodite

HO CH2GH-COOH
2

method in 60 percent yield with the following analysis., Anal, Caled: C, 24,963
H, 2,10; I, 58.61. .Found: C, 24.92; H, 2,06; I, 61.25,

In order to obtain a produet of high specific activity (1 pc{mg,) for animal
 experiments, the reaetion was run on a micro-scale. The active Nal 31 was added to
0.954 pmoles of inactive KI in 20A of water and the resulting solution was evaporated
to approximately 7 A. After eooling the solution, 0,57 pmoles of KIOz and 2 A of
glacial acetic acid in 20\ of water were added to oxidize the iodide. 0.572 pmoles
of L-tyrosine in 20 Xof concentrated NH40H were added and the solution stirred for

10 minutes. 0.506 pmole of inactive Iz in 20°A of 0.2 N KI were added to complete the
reaction. After standing for 5 hours the reaction mixture was separated on a paper
chromatogram. Twenty-five percent of the activity used was eluted from the diiodo-
tyrosine spot but nine percent of the aetivity was found in an unknown spot below
this, The remaining activity was in the inorganic salt from near the origin of

the paper. Work is in progress to determine the identity of the less active compound.

Demerol-Methyl-Cl4,

Preliminary attempts to prepare Demerol (l-methyl=4~phenyl-4-cafbethoxypiperidine)
by the action of methyl iodide on 4-phenyl-4-carbethoxypiperidine have resulted in
low yields (6-17 percent).

Malic, Suceinic and Fumaric Acids.,

Sueeinic and fumaric acids labeled with C14 in the carboxyl positions have
been synthesized as follows: One gram of carboxyl-labeled sodium acetate was esterified
with diethyl sulfate and then condensed with diethyl oxalate to give diethyl oxalacetate.
The diethyl ether, in which the reaction was carried out, was removed by distillation
at reduced pressure, .and the crude residue was reduced with Adams® (platinic oxide)
catalyst and an atmosphere of hydrogen. After 90 percent of the theoretical hydrogen
uptake had taken place no more hydrogen was absorbed and the reaction was stopped.
The mixture of esters was saponified with 1.0 N NaCOH, the alcohols removed by distilla-
tion and the oxalic acid precipitated as caleium oxalate° The filtrate was acidified
and ether sxtracted overnight., The ether extract was evaporated to dryness at re-
duced pressure to give a mixture of sucecinic and malic acids., These were separated
by repeated distribution between water (1 N HCl solution) and ether phases and finally
by recrystallization. The yield, based on sodium acetate, was 25 percent succinic
acid and 40 percent malic acid, or 65 percent total.

Fumarlc acld was synthe81zed by heating 20 mg, of labeled malic acid in a nitrogen
atmosphere at 140° ¢ for 8 hours, the products subliming onto a cold finger. Fumaric.

acid was separated from malic by distribution between water and ether and recrystalliza-
tion. A 20 percent yield of fumaric acid was obtained and 70 percent of the original '
malic acid was recovered.
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Isopropyl Bromide and Valine.

The preparation of isopropyl bromide-l-cl4vis being studied as a nscessary
intermediate in the preparation of valine as follows:
v COZEt
N Acetamidomalonic ester | HBr
(CHy ) oCHI » (885) , - CHC-NHCOCH,, .
. NaOCgHg | Sat. soln,

COoEt

( EHS ) oCHCHNH5C OgH

Preparations with this portion of the experiment have been successful. At present,
an attempt is being made to prepare the halide by the followirg series of reaction:

C_Hs‘{
« OH , A * *

CHS'C-HCH5 —_— CH50H=CH2

* x *
Cog —> CH3T —— CHel
ot
H _ A1203
HI

.

» &m é:[H-CH
3

No peroxids 3

The yields on this Grignard cOnaensation‘have not been investigated recently and the
older literature is rather indefinite; it is hoped that the overall yield on the
preparation can be fairly satisfactory.

Phenylalanine-g-c14,

Both low and high activity runs in the preparation of phenylalanine-B—C14
have been made starting with labeled benzoic acid. The high activity material pre-
pared has a specific activity of 21,1 pc/mg. The overall yields have not yet been
determined.

Experimental Chemistry- Decomposition"of Acetyl Peroxide in Acetic Acids.

As reported in the previous Quarterly Progress Report, a study on the decomposition of
acetyl peroxide in 014 methyl-labeled acetic acid is in progress, This decomposition
results in the formation of carbon dioxide, methane, succinic acid and a small amount
of methyl acetate. The succinic acid formed in this reaction has about the same
specific activity as the acetic acid, the carbon dioxide contains no activity and the
methane has at most a small fraction of the specific activity of the acetic acid. The
presence of this small amount of activity in the methane has defimitely been confirmed.

In an attempt to increase the yield of succinic acid, the ratio of acetyl
. peroxide to acetic acid has been increased. This has actually resulted in a lower
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yield of succinic acid of inferior purity. It is perhaps noteworthy that the
specific . activity gf the mpthane obtained in these experiments was two to three
times as high as that obtained using the lower ratio.

In an attempt to obtain some information about the specific activity of the
small amount (one to two drops) of methyl acetate formed, the contents of the Dry-
Ice-cooled trap containing the solution of methyl acetate and labeled acetic acid
“were allowed to warm up gradually while a gtream of purified nitrogen was passed
through the trap, a combusion furnace and a sodium hydroxide bubbler to colleect the -
carbon dioxide produced. The bubbler was periodically changed, thus cutting the
distillate into fractions. Results of this experiment are given in Table II.

Table II

Fractionation of Methyl Acetate-Acetic Acid

Solution
Fraction Weight BaCOgz Obtained Specific Activity
' (dis/min/mg C)

1 0:59 g. 2.48 x 103
2 0.816 5.15 x 10

3 0.220 1,59 x 104
4 0.268 2,39 x 104*
5 0.913 2,60 x 10%

"

* . gpecific act1v1ty of pure acetic acid used = 2 60 x 104

From this table it can bé seen that the specific activity'of the first fractions
is lower than for the later fractions, indieating that the methyl acetate is less
active than the acetic acid. :

In order to determine whether the activity in the methyl acetate fractions could
be due to acetic acid, a similar experiment was performed with the insertion of a
diethanolamine bubbler maintained at 90-95° C between the trap containing the methyl
acetate~acetic acid solution and the furnace. The carbon dioxide obtained had a.
specific actlvity corresponding approximately to that of the first fraction of the
earlier experiment.

To check the complete removal of the acetic acid by the diethanolamine bubbler
e synthetic mixture of unlabeled methyl acetate and labeled acetic acid was allowed
to stand overnight at room temperature and then treated as before. Within experimental
error no activity was observed in the carbon dioxide so obtained. From this it is
concluded that the methyl acetate formed in the decomposition of the acetyl peroxide
comes, in part, from the acetic acid. The distribution of activity in the methyl
acetate is now being studied. :

An incidental result also shows that there is no exchange in 12 hours between
methyl acetate and acetic acid in the anhydrous condition at room temperature.
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Attempts to determine more accurately the specifie activity of the suceinie
acid and the recovered acetic acid have been hampered by the lack of a satisfactory
method for the combustion of sodium acetate. An attempt has been made to adapt the
Van Slyke wet combusion procedure for the combustion of sodium acetate, but a
method which gives consistent results has not been found. In many instances quanti-
tative recovery of the carbon dioxide from the oxidation has been obtained, but at
times by an apparently identical procedure the yield of carbon dioxide is of the
order of 85-95 percent. In all these combusions of active sodium acetate the specific
activity of the resulting carbon dioxide is somewhat lower than is that of the carbon
dioxide obtained by the furnace combusion of the acetic aeid from which the sodium
acetate was derived. The causes of this effect are still under dnvestigation.
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Biological Chemistry

M. Calvin, J. Reid, M. Kirk, Te Krone, M. Meinke, G. Nardi, L. Skiff and Y. Stone

In Vitro Melanin Formation.

The enzymatic conversion of tyrosine and dihydroxyphenylalanine (dopa) to the
black pigment melanin by homogenates of dba mouse melanoma have been studied in the
Warburg respirometer, using DL-tyrosine and Dl-dopa labeled with ¢4 in the beta
position. The uptake of oxygen by the homogenates and the activity of the melanin
isolated from them demonstrated that the enzymes were active in converting the amino
acids to melanin under non-poisoned, buffered condition, but inactive under conditions
where the systems were po1soned by cyanide and agzide.

Fresh tumors were homogenized in pH 6.4 phosphate (Clark and Lubs) buffer.
Five grams (wet weight) of tumor in 20 cec. of the buffer were added to Warburg flasks
with sodium hydroxide in the center well to absorb carbon dioxide evolved; appropriate
blanks were run. In the poisoned rums, 1 cc. each of 0.1 N NaCN and O.1 N NaN were
substituted for an equal amount of the buffer. The flasks were attached to single
manometers in a 37° C bath and shaken for 15 minutes with the stopcocks open, the
stopcocks were clogsed and several readings taken to establish the normal metabolism.
The radiocactive substances, tyrosime or dopa, were then added (0.l mmole in agueous
solution) and the oxygen uptake measured every 5-10 minutes for 3-4 hours.

The flask contents Wwere then treated with 10 percent triechloracetic acid (TCA)

‘to precipitate the protein. The protein was washed with TCA, equilibrated for one-

half hour with a solution of TCA containing 100 mg. of the amino acid used as
substrate (inactive form), dialyzed against ice water for about 40 hours, extracted
with ethanol and chloroform (Soxhlet), dried and finally hydrolyzed 15 hours with

6 N NaQOH. From the hydrolysate, melanin was precipitated by acidification and washed
by dialysis. It was plated from NHp solution for activity measurement.

That there was conversion of the substrate to melanin in the non-poisoned
systems was evidenced by the jet black appearance of the homogenate after 3-4 hours on
the respirometer, by the uptake of oxygen (60 percent of the theoretical) and by the
activity of the melanin recovered (1l percent of the total activity added in the }
dopa experiments; 30 percent of the total activity added in the tyrosine experiments).
By contrast, the homogenates that were poisoned had their original light brown color
at the end of the incubation, took up no oxygen sbove that which was normal to the
tissue as evidenced by the blanks and gave a melanin that was comparatively inactive
(0.4 percent of total activity added in both tyrosine and dopa experiments).

Identical non-poisoned experiments run with melanoma slices and inactive dopa
and tyrosine were less conclusive., The normal oxygen uptake of the slices is so

~great that any increase due to added dopa and tyrosine was difficult to demonstrate,

It did seem that there was a slight uptake at a considerably slower rate than with
homogenates and the flask contents at the end of 4-5 hours were slightly darkened.
The conversion is much more rapid and complete with tumor homogenates.

This work terminates the present in vitro studies on the conversion of tyrosine
and dopa to melanin, The in vivo studies will probably be finished in about a month.
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It has definitely been shown that both tyrosine and dopa are precursors for the

formation of melanin in in vitro melanoma sarcoma (a type of cancer) experiments.

Utilization of Glycine-z-cl4 in Livers of Normal and Starved Mice.

The importance of adequate protein intake in convalescent patients has long
been known. It is the general clinical practice to use protein hydrolysates in
maintenance of eonvalescent surgical and depleted patients. In attempts to make the
utilization of these compounds more effective, investigations have been carried out
in the past to determine if these hydrolysates do supply all faetors which are neces-
sary to metabolism. It has been demonstrated that certain caloric requirements must
Be met before aminoc acids can be utilized to form protein; otherwise, they are broken
down and transferred into glycogen. It was felt that by the use of tagged amino acids
one might follow the actiwity of either the protein or the glucose fraction and thus
8dd some information to this problem.

In the experiment nine "A" strain male mice were divided into three groups of three
each, The first group was supplied with a normal diet, the second was given a
saturated solution of glucose and water while the third was allowed only water. At
the end of 72 hours all the mice were injected with radioactive glycine and were
sacrificed at 2, 4 and 6 hours after injection. The livers were removed in toto and
a very small piece taken for histological section. The liver was then dried for 48
hours in a vacuum desicecator. Previous experiments have shown that no volatile
activity is present and hence none is lost in this method of drying tissues. Approxi-
mately half the liver was then combusted in a quartz tube, the active COg5 collected
as BaCOgz, plated and counted and the specific and total activity of each liver de-
termined. The uncombusted half of liver from each animal was then hydrolyzed in 6 N HCL
over a steam bath for 12-18 hours and the solution filtered. A count of total activity
was made of the filtered solution. This solution represented a mixture of the liver
amino acids, glycogen (in the form of glucose) and possibly other compounds. Since
this was an acid hydrolysate, the solution could be passed through a cation exchange
column (Dowex 50) thus removing the amphoteric amino acids and other cations while
permitting the neutral glucose to pass through. The amino acids were then eluted
with 2 N HC1 and passed through an anion exchange column (Duolite A3) as a check on
amino acid activity. One could then calculate what percent of the total injected
activity was present in the liver and what fraction of this is the glucose and amino-
acid fractions. By plotting the specific activity per mg. carbon, one could also
determine the turnover rate and percent of active carbon turned over per hour in each
of the livers., These results are shown in Table III. '

The aminc acid fraction was then chromatographed on filter paper as done in
the photosynthesis laboratory of this group and the amino acids present were determined.
Radioglycine was present in all livers. Radioserine seemed to be formed sooner in
the normal and glucose animals, but the water-fed animals showed the presence of radio-
cystine not identified in the other two groups.

In conclusion, it was shown that the presence of glucose in the diet of protein
depleted animals results in a higher conversion of amino acids to protein. Animals
which are depleted and are not given glucose t¢ satisfy caloric requirements still
convert, however, a relatively high percentage of injected radioglycine to protein,
although this process is slower and may proceed by different metabolic paths than in
normal mice,
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Table III
Mouse % Activity % Activity % Activity in  Biological % Turned Over
in Liver  in Glucose Amino Acids Half-Life Per Hour

Norm 2 28 1,1 27 5 Hours 35
Norm 4 32 1.5 30.5

Norm 6 20 0.9 19

Gluc.2 42 1.9 40 3-1/2 Hours 50
Gluc.4 24 4,1 20

Gluc.6 24 7 14

Water 2 33 2.8 30 15 Hours 39
Water 4 20 2.1 18

3.9

Water 6 29 25

*
Rate Studies of Metabolic Oxidation to CO, of Labeled Compounds.

In the last Quarterly Progress Report a series of experiments was described
which were designed to determine the rate of oxidation and elimination from the bedy
as €0z of a number of simple Cl4 compounds in normal and tumor-bearing mice., In most
compounds, the metabolic rates were essentially the same, but in the case of potassium
pyruvate-2-C*, sodium propionaté-1-Cl4 and alanine -2-Cl4 there were some differences.
Since then, a number more of these rate curves have been run, particularly with sodium
propionate-1-Cl4, The tumor mice are fairly consistent in their rates, but the normal
mice vary a great deal and some difficulty has been found in obtaining as large or
as consistent a difference as was found in the first bateh of mice. The difference
3till seems to be present, however.

In these curves it is found that the elimination curve of the aetivity can
usually be broken into a fast, a medium and a slow component. Thus, for sodium
valerate-1-Ccl4 the fast component was found to have a 7-10 min. half-life and 45 per-
cent of the activity was eliminated; the medium component had a 16-30 min, half-life
with approximately 35 percent of the activity being eliminated; the half-life for the
slow component was 3-4 hours with most of the remaining aetivity eliminated in this
period.

The rate curves for the alanine-l-c14 and alanine-z-c14 were very similar and
are as follows: fast component, 6-1l min, half-life, 40-50 percent of activity
eliminated; medium component, 11-25 min. half-life, 35 percent of activity eliminated;
glow component, 90-200 min. half-life, 15-20 percent of activity eliminated.

Tonization Chambers.,

The process of developing the ionization chamber for use as a routine instrument
in the measurement of low activity cl4 samples has progressed during the last three -
months. The set up that has evolved consists of an ionization chamber of our own
design and manufacture, a vibrating reed electrometer made by the Applied Physies Corp.
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and a Brown "Electronik" potentiometer for the continuous recording of the output
voltage of the electrometsr.

A considerable amount of difficulty was first experienced in the ionization
chambers due to piezo-slectric effects in the insulators associated with the strains
of evacuation and filling of the chambers with the radiocactive carbon dioxide. After
trying a number of different materials, including kovar, polystyrene and teflon, it
was finally found that teflon gave very satisfactory results with practically no
hystersis effect. Work is now in progress on the calibration of a number of the
chambers, and it is hoped that the two complete units which have been set-up will
enable us to extend the limit routinely of our bioclogical work. The lower limit at
which activity may be distinguished from background by this instrument is about 0.7
dis/min/mg. of BaCOz or roughly 0.3 micromicrocuries/mg. of BaCOg.
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Photosynthetic Chemistry

M. Calvin, A. Benson, V, Haas, J., Bassham, T. Goodale, R, Lemmon, W. Routson and J. Weigl

Phosphorylated Compounds,

As phosphorylated compounds are of importance in all plant metabolic processes,
it is necessary to know the location of these phosphorylated compounds on the paper
chromatograms used in the investigation of photosynthesis. Specific color tests
- applicable to use on paper chromatograms are available for a few compounds, but there
were some compounds, such as phosphoglyceric acid, for which no color tests can be
found. Therefore, radicactivity was chosen as a means of locating the compounds on
Paper chromatograms,

Radioactive phosphorylated sugar intermediates were grepared by a fluoride
poisoned yeast fermentation of glucose in the presence of P 2. After removal of yeast
proteins with trichloroacetic acid the compounds were separated into two groups:

(a) compounds having barium salts insoluble in water and (b) compounds having water
soluble, alcohol insoluble barium salts. A These fractions were individually subjected
to a counter-current separation on a column of Dow A-1, a strongly basic anion exchange
resin. The resin had been prepared in the chloride form to avoid hydrolysis of labile
phosphate esters which might have occurred if the separation had been carried out on
the basic form of the resin. The compounds were eluted down the column by a slow
stream of dilute sodium chloride and the eluate collected in cuts at regular time
intervals, Each cut was analyzed for organic and inorganic phosphate. Individual
compounds present in the cuts were separated by the use of a one- dimensiomal paper
chromatogram using bubtanol-propionic acid as the developer. The location of the
compounds was determined by their radiocactivity. Inorganic phosphate was identified
by the appearance of a blue color after spraying the paper chromatogram with molybdic
acid and sodium acetate. Fructose-l,6-diphosphate was located by eluting the suspected
spot and determing that it contained both fructose and a hydrolyzable phosphate group.
When this compound was subjected to a mild acid hydrolysis and rechromatographed,
three radiocactive spots were obtained, one at the same position as the original spot
and two of approximately equal intensity, one giving a test for inorganic phosphate
and the other giving a test for fructose; this latter spot should be fructose-6-
phosphate. Phosphoglyceric acid was identified by elution of the spot and showing
that the compound did not hydrolyze at all after 7 minutes at 100° in 1 N HC1 but

when heated with a-naphtholresorcinol in concentrated H2804 a blue color, specific

for phosphoglyceric acid, was obtained,

The alcohol insoluble barium salts have been subjected to ion exchange separa-
tion by the same procedure. that was used for the water insoluble salts; less concentrated
eluant solutions were used, however., Identification of compounds present and their
location on paper chromatograms is now in progress.

The behavior of phosphoglyceraldehyde during paper chromatography has been
investigated. Fhosphoglyceraldehyde partially decomposes during chromatographing
in both phenol and the butanol-propionie acid mixture. After a two-dimensional
chromatogram, less than 50 percent of the phosphoglyceraldehyde remains on the paper.

Methods and Apparatus for Ion Exchange Separatioms,

| The apparatus used in ion exchange separations mentioned in this report consists
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of a flow controller which feeds eluant solution ét a definite constant rate into
the ion exchange column and a sampling turntable actuated by an interval timer
which changes the receiver at definite time intervals,

The flow controller consists of a syringe driven by a synchronous motor
through & gear system and threaded drive shaft. The flow rate from the syringe is
calibrated and is constant to about 0.0l e¢c./min. The sampling turntable and
interval timer are of a standard design developed by the radiation Laboratory and

_it changes the sample recsiver at equal time intervals. Sinece the flow rate and cut
interval are constant, cuts of equal volume as well as equal time are obtained.

In exploring the possibility of separating a given mixture of anions, the usual
procedure 'is tc separately elute pure, single-component samples of the ions concerned
from a standard column under the same conditions of flow rate, eluant concentration,
etc. Upon plotting the concentratiom of the ions in the eluant against the volume
of eluant, elution curves are obtained for each of the ions which show the rate of
movement of the band down the column under standard conditions from the separation
of the peaks of the curves for the different ions indicates the relative ease of
separation of the various compounds in the solution by ion exchange methods.

The accompanying graph (Fig. 1) shows such a standard elution curve for Bios
brand fructose-l,6-diphosphate, complicated in this case by the presence of im-
purities in the supposedly pure commercial material.

Identification of Phosphopyruvic Acid .

A radiocactive substance was eluted from chrometograms of 5-second photo-
synthetic fixations. This spot, labeled 1, contained 10 percent of the total activity
fixed and was non-volatile, '

After adding 13 mg. of pure pyruvic acid carrier, the eluate was hydrolyzed
20 minutes in normal HCl., The radicactive material had become volatile. Addition
of exeess alkali to an aliquot taken for counting demonstrated the presence of a
radioactive acid. The distribution coefficient between the water phase (pH/0) and
ether was found to be 0.15-0.18 which is characteristic of pyruvic acid. Pyruvic
acid-2,4~-dinitrophenylhydrazone was prepared from 16,000 cts./min. of the eluate and
recrystallized from ethanol and from acetic acid-water. The specific activity, 345
cts./min./mg., of the purified derivative and its theoretical yield, 39.5 mg., indicates
that the radioactive product originally was phosphopyruviec acid.

Although the presence of phosphorus was not directly demonstrated, it was
shown that authentic phosphopyruvie acid has the same chromatographic coordinates
as the radioactive material. It was also shown that the original plant extract con~
tained 10 percent of distillable compounds with the distribution and co-crystalliza-
tion properties given by the foregoing eluate.

Dark Fixation of c1%0s by Plants.,

The fixation of COg by plent and animal metabolism is the result of the
reversibility of the decarboxylation resctions of respiration and fermentation,
These reversible reactions have been investigated in the green algae Chlorella and
Scenedesmus, The algae are kept in the dark with 01402 for 40-minute periods after
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which they are killed and the products separated, identified and analyzed using
paper chromatography., The dark fixation products include glutamic acid, isocitrie
acid, succinic acid, fumaric acid, malic acid, aspartic acid and alanine. The last
three compounds named are also found as major photosynthetic produets. The first
four compounds are known to be involved in the tricarboxylic acid cycle of respira-
tion in animal and yeast metabolism. Their synthesis from 01402 in the dark indicates
that the tricarboxylic acid cycle functions in plant respiration. Small amounts of
glutamic and isocitric acids are formed in the longer (S5-minute) photosynthesis and
are assumed to be indicative of the relative rates of respiration and photosynthesis
in plants. Investigations on this subject are reported in separate sections of this
report. :

Synthesis of Sucrose in fhe Dark.

BEarlier work in this laboratory demonstrated that plants could reduce ten to
fifty times as much 01402 in the dark is they are preilluminated in the absence of
CO2.  The absorbed energy is stored in some form with a half-life of 2 minutes., The
products of dark reduction of CO2 by such plants were shown to be the same as those of
normal photosynthesis and appear at approximately the same rate.

It has now been demonstrated that radicactive sucrose is formed in consider-
able amounts in the dark in 2 minutes from C1%0, by preilluminated Chlorella. The
amount corresponds closely to that formed in a normal 90-second photosynthesis by
the same plant. The intermediates of normal plant respiration do not appear in
appreciable amounts in the 2-minute period.

Barlier work showed that dark fixation by preilluminated algae produces a
large fraction, 40-70 percent, of amino acids. It is now apparent that preillumina-
tion depletes the reservoirs of alanine, serine and aspartic acids in order to carry
on sugar synthesis. Subsequent dark treatment with 01402 then restores the reservoirs
with active amino acids. The same effect is noted with photosynthesizing plants in
a COg limited atmosphere, Addition of a relatively large amount of Cl4 Op then allows
the plant to restore its amino acid reservoirs. TIf the cl4 02 1s given to a plant
photosynthesizing with an ample supply of 01202 the amount of these amino acids,
related to the keto acids in photosynthesis, is smaller and the ma jority of the
activity is incorporated in the 1ntermed1ates directly in the path of photosynthesis
of sucrose.

Intermediates in the Photosynthesis of Sucrose.

Using paper chromatography as a technique for separating single substances
involved in photosynthesis with ¢l Og it has been previously demonstrated that the
intermediates are largely those involved in glycolysis. These include the following
compounds in the order of their probable incorporation of 014: 2-phosphoglyceric
acid, 3-phosphoglyceric acid, 3-phosphoglyceraldehyde, phosphodihydroxyacetone,
fructose-l,6~diphosphate, fructose~6-phosphate, glucose~6-phosphate, glucose-~l-
phosphate, an unidentified sucrose phosphate. These may be separated on & micro-
scale (0-200 yg.) by paper chromatography or by the use of ion exchange resin columns
described elsewhere in this reporte..

The evidence for the sequence of these intermediates as written is largely
by analogy with the respiration mechanism in animal and microorganism metabolic
processes, EBarlier work in this laboratory showed that the first cls incorporated



UCRL 311

-l

in sugar is in the 3- and 4-positions in the hexose and only later becomes
incorporated in the 2,5- and 1,6~positions. It is now shown that the sucrose
photosynthesized by the green algae Chlorella in 30 seconds contains fructose

with twice the specific activity of the glucose moiety. After 90 seconds photo-
synthesis both hexoses in sucrose have equal specific activities. This is

evidence for the formation of the fructose structure prior to the glucose structure
in the synthetic sequence. The difference in the delay of incorporation of C 4 in
the glucose for different plants will be a function of the relative sizes of the
reservoirs of the functioning intermediates.

Use of Malic, Suceiniec and Fumarie Acids for Identification of Intermediates in
Plant Metabolism.

The labeled malic, succinic and fumaric acids synthesized as descéribed in
an earlier section of this report, have been used to identify the intermediates of
plant metabolism which appear as radiocactive areas in the paper chromatograms. The
general procedure is to prepare a chromatogram with both the unknown substance and
the authentic sample., Concurrence of the two activitiss provides conclusive proof
of identity. .

Relationships Between the Rates of Respiration and Photosynthesis and the Inhibition
of Respiration by Light.

Chemical Identification of Intermediates. Classical work has assumed that the rate
of respiration (Os consumption) during photosynthesis is the same as that in the
dark. Research in this laboratory on both the metabolic intermediates and the
kinetics of 01402 fizxation has now shown that the rate of respiration is diminished
to one-half by illumination. This inhibition of the tricarboxylic acid cycle by
light has been demonstrated in the following experiments,

Algae were allowed to photosynthesize normally for 30 seconds to build up
a supply of labeled intermediates. This was followed by either a dark or light
period of 150 seconds with helium flushing (anaerobic conditions), CO,-free air
flushing (aerobic conditions) or ¢120, in air flushing. The results, in genseral,
indicate a tremendous increase in the amount of labeled glutamie acid in the dark.
If the light continues during the 150-second flushing, the 30=-second intermediates
proceed to synthesize fats, sucrose and proteins at a rate diminished only by the
lack of incoming COg. When the algae are in the dark for 150 seconds following 30
seconds photosynthesis, fat and sucrose are formed from the intermediates almost as
rapidly as when the light is on but a large amount of glutamic acid and an abnormally
large amount of suceinie, fumaric and isocitric acids appear in the radiogram.
These compounds are the same as those of normal dark respiration and are formed at
appreciable rates only in the dark. The extent of dark respiration of photosynthesized
intermediates is dependent on a supply of oxygen. Under anaerobic conditions (helium
flushing) the amount of glutamic acid is somewhat less than under aercbic conditions
(COog-free air flushing). The very slow appearance of glutamic acid in the light
was also demonstrated by longer experiments such as 2-minute photosynthesis followed
by 3-minute flushings with helium or COs-free air., Three new compounds have been
observed in these experiments, These have been shown to have the solubility properties
of simple polyglucoses. ThHey have been shown to require 20 minutes at 100° in HCl1
for hydrolysis. The only radiocactive product of hydrolysis is glucose., It is not
known whether these are dextrins or derivatives of cellulose or whether some inactive
substance is also involved.
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Gas Phase Kinetics,

Kinetic studies in photosynthesis and respiration of green plants have continued.
As mentioned in previous reports, the gas phase in a closed system containing barley
leaves was continuously circulated and analyzed for three components: total COg, radio-
active gOZ and total Ozo Fig. 2 presents a set of curves describing a typical

experiment.

Radiocactive 502 is added at the beginning of the experiment. The plants respire
inactive COg in the dark, thus reducing the gpeecific activity (arbitrarily set equal
to unlty at time zero). When the light is turned on, the specific activity
(mm &0p/mm COZ otal) first rises, due to an isotope effect (Quarterly Progress Report,
UCRL~264, January 5, 1949), Then the steady respiratory evolution of CO, catches up
to the lsotope effect and quickly reduces the specific activity to a very low value.
Photosynthesis becomes limited by the CQ2 ecncentration below about 1-2 mm, partial
pressure (about 0.2 percent 002), and becomes exactly equal to respiration when the
only C0p available for asgimilation is provided by respiration. At this steady state,
the COs partial pressure is about 0.04 mm, . (0,005 percent) for Poy =v45 mm.; at
greater oxygen concentrations the respiration rate and hence the steady state partial
pressure of COy increases.

%

If the lights are now turned. off, both radio COg and inactive COy are evolved
immediately and, after a couple of minutes, reach a fairly steady ratio. As a
‘result; as both 502 and COg increase, the specific activity remains essentially
constant over long periods of time. Apparently, in the dark recently assimilated
radiocactive compounds become immediately respirable. The following evidence suggests
that the main respiratory path for these compounds is the same as for "light respira-
tion": the specific activity remains nearly constant over long periods of time, .
whereas it would be surprising to find two independent reaetions proceedlng at a
constant ratio. -

The light may be turned on once more; . at low COg pressures, the respiratory
dilution overtekes the isotope effect more rapidly and the specific activity does
not actually rise but. merely fails to drop immediately. If, then, the lights are
turned off, the specific activity rises again to a slightly lower level than observed
after the first light period. The value of this steady state specific activity in
the dark is roughly inversely proportional to the total light time from the time the
first major assimilation of radio carbon dioxide took place. This implies that the
photosynthetic intermediates are transformed into complex compounds much more guickly
in the light than in the dark.

It is noteworthy that after a period of intense photosynthesis in the presence
of large amounts of COg, the dark respiration rate (COs evolution and Og absorption)
is much faster (by faectors of two to three) than it is after a period in the dark.

On the other hand, the dark respiration after a long period of photosynthesis at
very low COg pressure is not enhanced. These observations have been made by previous
investigators, some of whom have interprsted the former to show that respiration in
the light is faster than in the dark (after a dark period). Others have suggested
that this is a mass phenomenon: recently produced photosynthetic intermediates are
available for respiration in the dark. This explains both sets of experimental
observations, for during a long period of photosynthesis at a low COg pressure, the
photosynthetic intermediates would be transformed into stable storage and structural
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materials and would no longer be readily available for dark respiration.

Our experiments have confirmed this view. Not only does the specific activity
rise in the dark (as-deseribed above) after a short period at low COg partial
pressure, but also it appears to fail to rise after a long light period at low PCOz
(2 hours, one experiment only)., Evidently during this long a time, the 5 has
gone into stable storage and structural meterisls which are not readily respired.

A detailed kinetic study has been made of the most ‘recent set of rate curves.
By means of curve fitting, the most sensitive available functions (specific activity
and ‘its time rate of change) were analyzed ‘for three parameters: (a) Uy, the isotope
effect (expressed as a kinetic utilization factor, the ratio of rate constants for
cl4oy and c1205): 31/7\9 the light respiration rate; [s], the specific activity
of respirable carbon in the plant (necessarily zero at the start). An upper limit
of about 0,08 was provided- by the fact that the specific activity of the gas was 0.08
at the end of the 2-hour light period under discussion and was still dropping due to
respiratory dilution. An excellent fit for the experimental curves was obtained for
the following values of the parameters: '

U, = 0.83 £ 0,03

RL = (0.48 ¥ 0.05)R, (where Rp is the dark respiration rate
preceding this period of photosynthesis)

[gJ 0.0 at the start, increasing to~0.08 after 60 minutes.
The curves are most sensitive with respect to R,, least with respect to [s] ; however,
the latter parameter is of relatively little significance and would change consider-
ably from experiment to experiment (depeqding on intermediate reservoirs in the plants,
ete.). ‘

At Tirst sight, the isotope effect may appear unexpectedly large. Two
considerations, however, make it seem reasonable: (a) The effect may well occur in
the breaking of a bond between -a large molecule and the COg. From a simple vibration
energy calculation at room temperature a kinetic factor of as low as U, = 0.8 can be
‘derived. (b) several steps, mechanical (diffusion) as well as chemical may cause
the effect.

This quantitative analysis, however, is subject to the assumption that the
carbon dioxide generated by respiration is completely mixed with the gas phase carbon
dioxide before it is reincorporated into the plant by photosynthesis. If some of
this respiratory carbon dioxide were reincorporated by photosynthesis prior to such
mixing, it would not have any effect on the dilution of the specific activity of the
residual gaseous carbon dioxide and would thus fail to appear as light respiration
in our calculations. While it is conceivable that part of the lowered respiration in
the light given above might be due to this cause, there is little question of a
marked influence of light on respiration. - '

The discovery that light inhibits-respiratory by approximately one-half fits
in well with the observation that photosynthetic intermediates become available for
respiration in the dark (amonly in the dark, see Fig. 2). It is also important
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for the interpretation of other experiments for, to date, no one has known how
much respiration to subtract from net photosynthesis in the light. As a result it
will become possible to caleculate quantum yields and other theoretical functions

of considerable interest in the understanding of photosynthesis.



UCRL 311
=45

II QUARTERLY PROGRESS REPORT. PROJECT 48B

W, H Latimer, Director

A, Metals and High Temperature Thermodynamics

L. Brewsr, L. A. Bromleys N. Lofgren, A. Searecy, ‘L. Templeton

R. Edwards, R. McKisson, G. Elliott, Leonard Phillips, Donald Mastick

Thermal Conductivity of Gases,

Construction of the apparatus for the determination of thermal conductivities
of gases at ‘high temperature is' underway.

Thermodynamics of CN Gas.

A value has been obtained for the heat of formation of CN.

Vapor Pressures of Metals.

Work is progressing on the determination of the vapor pressure of aluminum.
TaC, TaSix, BeO, and Al,C, are the only possible container materials which are found
for molten aluminum at high temperatures.

" Preliminary work on the determination of the vapor pressures of very refractory
methods .such as Re, 08, ete. by spectroscopic methods has been carried out,

Liguid Metal Systems., -

. The construction of a pnew high temperature calorimeter for determination of
heats of formation of metal alloys at high temperature is under way. The study of
the U-Bi-Na system is continuing. A new technique of using a high temperature
X=-ray camera to spesd up study of ternary phase diagrams is being.tried. A new
high temperature x-ray camera is under construction. A method of sealing capillaries
containing sample for x-ray -analysis  in a dry box is being tried out.-

Thermodynamics of Gaseous Oxides and Hydroxides,

, The study of the vapor. pressure .of Als0gz by the effusion method has indicated
the vapor pressure t0 be lower than previously believed.
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C. Ore Reduction

.E. F, Orlemann, M,.Lusby, Lewis Myers, Sterling Sorenson

Chelate formation between UO4* and TTA is being investigated as a tool
for use in studying the uranyl phosphate complexes. Spectrophotometric analysis in
the ‘range of uranyl: concentrations desired has proven unsatisfactory. Fluorimetrie
analysis of benzene extracted chelate in equilibrium with TTA, H*, UO§+ and complexing
agent in LiCl04 solutions has been started.

An attempt to perfect a micro titration method for analysis of small amounts of
vVl is being made., A polarographic method is employed using'a mercury pool anode and
a Pt wire cathode. Difficulties were encountered with stability of applied potential,
oxidation of the titrant (chromous sulfate), and effective stirring. The latest
current-voltage curves, however show promise, ’

Several macro scale potentiometric determinations of UVY by direct titration
with chromous.ion {Cr**) were run with the main difficulty being in the platinum
indicating electrodes not establishing the same potential during any single run.
Further investigation into this problem will be made and if no progress is noted this
analytical method will be dropped.
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D. Engineering ‘Development of Plutonium Separation

T. Vermeulen, T. Hicks, Barney Rubin, Milton Davis, Hugh Lehman

Pilot Scale Synthesis of TTA.

. One hundred eighty five pounds of TTA have been prepared.

. The reaction kinetics of NaTTA formation in benzene solution are being further
investigated. Reproducible results have been obtained with aceto thienone in excess,

- but with excess addition compound results have not been reproducible.

Solvent Extractiohn Utilizing,Chelate_Processo

Satisfactory flow conditions for the two column counter-current solvent
extractor have been obtained by the addition of weirs and séttling chambers in the
two columns, Individual speed controls have been installed on the stirring motors
and the flow of the feed streams are now measured with rotometers.

Thirteen more runs ﬁéﬁe been made, testing the individual extraction and re-

extraction of plutonium, zirconium, and uranium, with no attempt to wash the effluent

streams. Recoveries of 100 percent have been obtained to show that they are possible,
but the majority of the recoveries have been in the order of 90-95 percent so that
an analysis of both phases in each stage may be made,

Studies of stability of PulV in the column are being made, and low-level
intensity runs to measure the decontamination will be made in the immediate future.
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